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INTRODUCTION

Ever since man invented a saw for cutting wood, there has
always been a by-product--sawdust--that has not had too many
uses, and in some cases has been a worthless nuisance. Many
sawmills userconveyors to carry it from the mill to the trash pile
for burning. Others have developed sawdust stoves and furnaces.
, Sawdust has been fermented to produce molasses which has been
used for feeding cattle. Sawdust has been used to some extent
in fertilizing and rejuvenating certain types of soil (8). Some saw-dust products appear on the market in the form of pressed wood (1).
Extracts from wood have been found to have certain antifungal and
antibiotic properties (7). But aside from a few limited uses, sawdust is still waiting for someone to find a use for it or its derivatives
which would be more beneficial to all mankind.
The purpose of this project was to investigate the effect on the
antibiotic properties of an extract from sawdust after irradiation by
gamma and ultraviolet rays. An extract of the sawdust was prepared,
portions of it were irradiated with both gamma and ultraviolet rays,
and then these "new" mixtures were tested for any additional antibiotic properties that might have developed.

SURVEY OF LITERATURE

The realization of the importance of penicillin as an antibiotic
around the year 1940 gave a tremendous stimulus to the search for
micro-organisms capable of yielding new antibiotics. This search
was also extended to cover the higher plants. The beginning of this
new period of intensive research is marked by the work of E. M.
Osborne (12) in 1943 who made an enormous survey of higher plants
in order to detect the presence of substances antibiotic towards
Staphylococcus aureus and Escherichia coll. In his survey, extracts
were made from approximately 2,300 species of plants; most of them
angiosperms, belonging to 166 families. Of these, extracts belonging to 28 families inhibited the growth of at least one of the two species
of test bacteria.
Skinner. (13) lists 33 surveys made during the years of 1943 -19 53
•and it was agreed that antibiotic principles are distributed widely among
the higher plants. • But the results of all the numerous investigations conducted for the purpose of finding new antibiotics active against microorganisms harmful to man have been disappointing. Many potentially
useful antibiotics have been isolated but most of them have proved to
•be too toxic to humans and animals to be of value. As yet, no antibiotic from a higher plant has attained a place in therapeutic medicine at all comparable with that held by certain drugs of microbial
origin such as penicillin.
2

Many woods (particularly heartwoods) are known to contain
antibiotics; that explains the remarkable resistance of some timbers of commerce to fungal decay. Hawley, Fleck and Richards (7)
in 1924 found that the wood of several tree species yielded aqueous
extracts which were toxic to wood-rotting fungus. Heartwood extracts
from the same species, and hot-water extracts were all more toxic
than the corresponding cold-water extracts. The relative toxicity of
the extracts of the timbers was in close agreement with the relative
durability of the woods.
Many solvents, aside from water, have been used for extracting
antibiotic substances from plants. For examples, saline (0. 9% aqueous
NaC1), strong acid such as sulfuric in various concentrations, weak
•acids, weak alkali, ether, acetone, ethanol and many other organic
solvents were used. Staph. aureus was inhibited by acetone extracts
of 49 plants; by ethanol extracts of 40; by ether, extracts of 17; and
by aqueous extracts of only 13. The corresponding figures for E. coil
were 6, 6, 2, 4 respectively. MacDonald and Bishop (10) found that
by using two or more solvents a considerably higher•percentage of
activity was found among the plants tested. Another peculiar situation
arises due to the fact that the use of one solvent may affect the subsequent extraction of the plant residues with another. A water-soluble antibiotic may sometimes be removed from an ether extract
of plant tissue but not by direct treatment of the tissue with water.

Some substances soluble in ether may be removed from certain woods
by treatment with acetone whereas these components are not directly
extractable from the. woods by ether itself.
Skinner (13) claims that the heartwood of Pinus sylvestris contains two substances, pinosylvine (trans-3-hydroxy-5-methoxy stilbene)
and pinosylvine mono-methyl ether. (trans -3 -hydr oxy -5 -me thoxy
•stilbene), which inhibit the growth of many fungi. They also inhibited
the growth of Staph. aureus, Salmonella typhimurium and Bacillus
subtilis.
These compounds were extracted from the finely-powdered heartwood with acetone and then extracted from the acetone with ether,
since the ether would not extract them in the first place.. Both of these
compounds are optically active and show a bright blue fluorescence in
ultraviolet light.
•

Many - laboratories and individuals are investigating the integration

•and degradation products of various compounds and materials irradiated with gamma rays, alpha or beta particles and also the results of ,
photolysis with ultraviolet rays.
Few have had wood or wood products as their targets. Of those
who did, seemingly, few found results to interest them in further
investigation. A few examples of those who have done work along
this line are cited here.
• In 1952, E. J. Lawton
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and his associates working at the

General Electric Research Laboratory in Schenectady, New York,
irradiated wood with electrons. Up to 6. 5 x 109 r., the wood was
not affected. From this dose up to 108 r. the wood increased in
fermentability by rumen bacteria and in the volatile acids produced
by them. Total soluble pentoses, reducing sugars and phenolic
groups increased 2-15 fold, with evidence that there would be further
increases at higher dosages. The cellulose became completely soluble with a minimum chain length of 6 units. Lignin seemed to be
unaffected.
Freiden et al. (5) reported work along this line in 1959. Wood
from Pinus silvestris was irradiated with gamma rays at doses of
600, 1400, and 20, 000 gram-equiv. Ra from a Co-60 source. The
irradiation was carried out at 20-30° C. The irradiated wood was
extracted with hot water and 1% HC1. The reducing substances were
detected by paper chromotography and the acidic compounds by titration with 0. 02 N NaOH.
Upon irradiation with 300 x 106 r. the lignin content dropped from
25.6 to 20.6% and was not lowered when 500 x 106 r. were applied.
Cellulose content was decreased at the first irradiation from 49.7 to
33.7%. Irradiation increased substantially the solubility of cellulose
in hot and less in cold water. At 500 x 106 r. reducing substances-,
increased from 6. 9 to 16.2%. The degradation products of cellulose
were present in water as mono-, di-, and oligosaccharides. The
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amount of pentosans increased proportionally with the radiation dose.
Hemicelluloses were attacked more strongly than cellulose. Extrac•
tion of cellulose irradiated with 500 x 106 r. with hot water, HC1 and
80% H2SO4 gave 36.2, 49.4 and 93. 3% degradation products respectively. An increase in carboxylic groups indic'ated that oxidation
took place during irradiation; however, no volatile or uronic acids
were found in the extracts.
The next year. Smith and Mixer( 14) agreed that gamma radiation from Co-60 did not affect the gross composition of redwood.
Lignin and other extractives naturally occuring in redwood reduced
the number of scissors of cellulose chains caused by this radiation.
Yoshikazu (18) and associates, in 1961, said that red pine meal
irradiated by gamma rays in air, showed initial effects at a dose of
4x'106 r. As the dosage increased the holocellulose content decreased
slowly, the alpha cellulose decreased rapidly (near 0 at 108 .) and
the solubility of the irradiated meal in 1% NaOH increased gradually.
Lignins isolated from irradiated wood were almost chemically identical with those of untreated wood. The changes in lignin behavior
appearing only upon irradiation of wood are due to the degradation
of carbohydrates and the cleavage of the lignin-carbohydrate linkage.
The following year, the above mentioned group presented another
paper, (19) which deals with the extraction and properties of lignin-
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carbohydrate complexes II which were extracted with HCONMe2
from irradiated wood after extraction of Brauns native lignin by
95% ethanol. The yield of II obtained by extraction of 12 days at room
temperature increased from 0. 3 to 1. 7% upon irradiation with 8 x 107 r.
After the residual wood was further irradiated until the dose -was 1.1
x 108 14. II was isolated in a yield of 6.9% by the same method. Properties of II were studied by fractionation and paper chromatography.
As a result, it was shown that the carbohydrate content in II varied
considerably-among the different fractions, but the carbohydrate
compounds were almost identical. The carbohydrates consisted
mainly of hemicellulose and the existence of lignin-carbohydrate
bonds was proved by paper chromatography.
Reports by two other groups, Bonotto et al.

) from Germany

and Garnet (6) from Australia who had irradiated wood with gamma
rays were found whose results were in agreement with the previous
authors.
Another author, Lars Westfelt (15, 16, 17) has done a great
amount of work recently on extracts from the wood of Scots pine
(Pinus silvestris), turpentine and tall oil from the Swedish sulfate
pulp industry. His name first appeared with H. Erdtman' s in 1963.
The Westfelt by-line has appeared in "Acta Chemica Scandina..vicat ,
from time to time. His methods of separation, analysis, and structural
formation may well be a help to anyone studying wood and its com-
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ponents in the future.
No other reports, of extracts from wood having been subjected
to irradiation, similar to methods used by the author, have been
found.

EXPERIMENTAL

Sawdust of the Ponderosa pine was run through a Wiley mill with
a 40 mesh screen. The wood fibers were placed in a modified
Soxhlet extractor with an acetone-hexane mixture (1:4), approximately 5 liters, and extracted for 30 hours at a boiling temperature
of the mixture of about 55° C.
The resulting mixture, upon cooling was brownish in color with
•a layer of dark brown resinous material at the bottom of the flask.
The solubility of this mixture was tested in various solvents,
with the following results:
Soluble in:

Insoluble in:

Ethyl Ether
Ethyl Alcohol
Chloroform
Ethyl Acetate
Acetone

Benzene
Carbon Tetrachloride
Water
Petroleum Ether

The residue was insoluble in hexane, indicating that it must
have been extracted by the nature of the mixture. • Methanol seemed to
form a cloudy colloidal solution.
The total extract was then evaporated to dryness in a 40° C water
bath, under reduced pressure in a rotary evaporator. The entire
residue on standing gave no evidence of any crystals. • This original
dried extract was then dissolved in absolute ethanol to form our basic
25% solution, subsequently referred to as "Solution 0",
•A 20 ml portion of this Solution 0 was placed in a flint glass
9
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vial with a plastic screw cap and exposed o gamma rays, produced
by Cobalt-60 in a "Gamma.cell 200" for 72 hours at 20-30° C. The
Gammacell was producing 1.92 x 105 rads/hour, so the total dose to
which the sample was exposed was 1.38 x 107 rads. A similar vial
containing a sample of absolute alcohol was exposed at the same
time. When removed, the glass itself was a dark smoky black color.
The extract solution was slightly lighter in color and the alcohol still
appeared colorles s.
The ultraviolet photolysis was carried out in a Rayonet—Photo
Chemical Reactor at 2437 A°, at room temperature. Solution 0 was
diluted (1:5) with ethanol to make 100 ml of solution which was placed
in the special quartz tube provided with the. machine and irradiated for
18 hours. Upon completion of the exposure the solution was removed,
the tube was rinsed thoroughly with ethanol and then 100 ml of ethanol was
similarly exposed for 18 hours.
This procedure gave three solutions to check for any useful properties and 3 kinds of alcohol. They were labeled as follows:
Nonirradiated original sample of Solution 0
Nonirradiated ethanol as a blank
Gamma irradiated sample of Solution 0
Gamma irradiated sample of ethanol
U V irradiated sample of ethanol
U V irradiated sample of Solution 0

0
1
2
3
4
5

Small portions of each of the 3 solutions were evaporated to dryness under reduced pressure and the residues left in a vacuum dessicator under vacuum for 12 hours before dissolving in spectrographic
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grade chloroform. The solution was examined in NaC1 cells, using
spectrographic grade chloroform as a reference. Infrared scans
were made of each sample on a Beckman I R 4 Spectrophotometer.
Figures 1, 2 and 3 show the resulting I R spectrograms.
All three are almost identical, indicating that very few new compounds or degraded products were formed. The absence of any definite peak at a wave length of 3 microns indicates the absence of
any nitrogen, sulfur or -OH groups in the extracted compounds. The
shift of a peak at 6. 8 microns in Solution 0 toward 6.95 microns in
Solution 5, would indicate some change in alkane grouping. The
shifting of a peak at 8 microns in Solution 0 toward 7. 8 in Solution 2
seems to indicate a change in a carboxyl group. Although ethanol
was removed from the 3 solutions by vacuum evaporation, the 3 samples of ethanol were checked on the I R 4 to see if any marked changes
had occurred in either of the irradiated samples which might influence
the I R scans of the gamma and ultraviolet irradiated samples. These
are shown in figures 4 5 and 6. It did not appear that the alcohol
after evaporation left any traces which might have affected the spectrographs of the extracted samples.

Antibiotic Survey
Three types of bacteria: Staphylococcus aureus, Escherichia
cpli, and Bacillus cereus were tested with the six numbered solutions,
0-5, for antibiotic activity by the cylinder method as outlined by
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Figure 1: Original Extract—Solution 0.
Figure 2: Gamma irradiated extract—Solution 2.

10

11

1000

900
I .

1

13
800

14

15

rnj,„crons
-1

2

3

4

5

6

1

8

9

Figure 3: Ultraviolet irradiated extract—Solution 5.
Figure 4: Ultraviolet irradiated ethanol--Solution 4.
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Skinner. (13). By this method nutrient agar plates were inoculated
with the respective bacteria with a wire loop, steril aluminum cylinders were placed on the seeded agar in such a way as to form cups
resting on the agar. Six cylinders were placed on each plate. A
drop of each liquid was then dropped into each cylinder respectively.
The plates were then incubated at 37° C for 12-24 hours and then
examined for growth of bacteria around each cylinder.
Some difficulty was encountered with leakage, especially with
the alcohol and alcohol test solutions that were used. The aluminum
had a tendency to corrode in the presence of the moisture in the i .gar
and cause rough spots. Glass cylinders were substituted but they had
•
to be flamed slightly in order to insure a water or alcohol tight fit.
The alcohol soon evaporated or was absorbed into the agar, under and
surrounding the cylinders. The tests showed that each of the solutions
0, 2 and 5 contained antibiotic agents. The alcohol controls 1, 3 and
4 did not inhibit the growth of the bacteria. The E. coli showed
smaller zones of inhibition than the other two species of bacteria.

Thin- Layer Chromotography. (TLC)
Glass plates were coated with a slurry of Silica Gel G, 30 grams
in 60 ml of water, 0.25 ml thick, applied with a Brinkman Spreader.
The plates were air dried, activated at 100° C for at least an hour,
allowed to cool arid then stored in a dessicator over anhydrous CaCla .
Spot tests were made on a TLC plate with spots of the 3 sol-
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utions, 0, 2, 5, to determine the best solvent or combination of sol•vents to be used in developing the chromatograms. A mixture of
chloroform, carbon tetrachloride and ethanol (5:5:1) appeared to
be the best combination for the developing and was used during the
remainder of the observations.
Prepared plates were spotted and trial chromatograms run in
closed tanks which had stood long enough beforehand to have a sat-.
urated atmosphere of the developer. Fairly good separation was
achieved in 20 minutes.
Non irradiated
Sample 0
0.14
0.24
0.32
0.44
0.47
0. 97

Table 1:

R values are recorded in Table 1.
f
Gamma irradiated
Sample 2

• U V irradiated
Sample 5

0. 18
0.24
0.45
0. 50
0.67
0.97

0.05
0.35
0.44
0.50
O. 59
0.91
0.96
0.98

R values for thin layer chromatography.
f

The color of the visible spots was brownish as was the original
solution. These spots darkened when left exposed to floure scent
light for some time. The chromatograms,• viewed under ultraviolet
light, each showed fluorescent spots, invisible in ordinary light.
Coincident with the solvent front of each solution was a strong bluish
colored spot. Sample 5 showed two spots very close together, the
most advanced spot was a pale greenish color and the other a blue.
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The visible brown spots appeared darker under the U V light on the
silica gel.

Column Chromatography
Silica Gel, 60-200 mesh, Grade 62, Davison Chemical Company,
Baltimore, was used in a glass column, 2 x 40 cm fitted with a frit•ted glass disc.

A glass stopcock was connected to this column., to

control the flow of eluant. For starting eluant a 1:1 mixture of carbon
tetrachloride and chloroform was used. This mixture was added to
• 40 grams of Silica gel to form a fairly thin slurry. The column was
one-third filled with the eluant and all air bubbles were .eliminated
from below the fritted glass by application of vacuum to the top of the
column. The slurry was then poured into the column, the eluant was
run through continuously untilthe gel had settled to•a depth .of approx• imately:30 cm. Then coarse sand was added atop the gel to a depth
of. 1-1. 5 cm. The sand (canary - gravel is ideal) had been previously
boiled in HC1 acidified water, rinsed well with distilled water and
dried in an oven at 100° C. The liquid level in the column was never
allowed to drop below the top of the silica gel during the entire operation.
The samples placed atop the column were approximately one
gram portions of the dried material, dissolved in as small amount
of eluant as possible. The liquid in the column was lowered just to
the top of the silica gel, the dissolved sample and rinsings were
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poured carefully onto the sand and then this was run down until it
was 'wholly adsorbed on the silica gel. The eluant was carefully
added as the column was permitted to run, by means of a separatory
funnel whose flow rate was adjusted to that of the column which was
about 1. 5 ml/minute. Continuous running time, 6-7 hours. As
elution started a yellow band with a pale yellow tail decended the
column, collections were started just as this yellow fraction started
coming through. Collections were made in 25 ml portions.

R

checks of the first portions indicated that they were identical, differing only in concentration. Elution followed the following schedule:
250
50
50
50
50

ml
carbon tetrachloride-chloroform (1:1), (A)
ml 10% ethanol in A
ml 20% ethanol in A
ml 50% ethanol in A
ml 80% ethanol in A
100% ethanol until column was cleared.

The moment the 10% ethanol contacted the brown layer at the
top of the column a wide brown band separated and moved down the
column followed by other brownish bands as the concentration of the
ethanol was increased. Toward the end of the run the eluate was
coming through a pale yellow tapering off to colorless. The pattern
was similar on all three samples. Two separations of each were
done to check for reproducibility.
The first yellow fractions were evaporated over a waterS bath
and combined into 4 main groups. The dark brown fraction was collected separately and subsequent fractions were reduced in volume
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by evaporation but kept separate as their I R scans appeared to
be somewhat different. After combining some of the first fractions
10 fractions resulted from each run. TLC of the fractions showed
the bright blue fluorescent matter to be in the first fractions eluted.
If the light green material was present it must have been blanked by
the blue as it was not detected in any of the other fractions. The
dark brown fraction showed at least two different components. Time
did not permit an attempt of their separation.

Checking the Fractions for Antibiotic Properties
Since the cylinder method for screening solutions did not prove
to be ideal, the small tube. method as outlined by Catalfomo and Schultz
(3) was used for further observations. The studies were conducted in
flatbottom screw cap vials, (15 x 40 mm), into which 1 ml of nutrient
agar was pipetted. They were autoclaved. After cooling, 3 drops of
the solution to be tested were added to each tube, and the solvent allowed
to evaporate. Then the tubes were inoculated with one drop of an 1824 -hour old culture, in Todd-Hewitt broth, Difco, of. E. coli, Stapb.
aureus, and Bacillus cereus. Incubation was conducted at 37° C. The
tubes were examined after 24-48 hours. Controls consisted of agar
and the organism. Blanks consisted of agar, one of the solvents and
the organism. The results in summary form appear in Table 2.
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E. coli

B. cereus

S. aureus

Sample 0
•1
2
3
4
5
6
7
8
9
10

+
+
+
+
+
+
+
_
+
.._
+
+

+
+

+
+

Sample 2
•1
2
3
4
5
6
7
8
9
10

+
+
+
+
+
+
_
+
_
+
.....
+
+

+
+
....
+
_
+
_

Sample 5
1
2
3
4
5
6
7
8
9
10

+
+
+
+
+
....
+
_+
+
+
+

+
+
+
—
+
_...
+
+
±
.....
+

.-T
.....

—
.....
—

+
+•

—
+
.....
+
_
+
+
_

T-

.+
...

+
....
.....
—
+
....
±
+
+

+
+
......
+
+
_
....
+
....
+
+
+

+
+
+
+
+
......
—
+
±
+

+

+ indicates growth
+ in dicates equivocal growth
in dicates no growth
Table : Effect on bacteria of fractions of each sample.
It is evident that the ultraviolet irradiated sample is weaker in
antibiotic activity than the other two samples.
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Some of the dried extracts of Solution 0, 2 arid 5 were treated
with acetic anhydride, the mixtures heated in a boiling water bath
for an hour. The solutions were clear and remained so even after
evaporation to one-half the original volume and upon cooling. This
was understood to be a confirmitory test that there were no -OH radicals present in any of the three samples.
I R 4 spectrograms were made of two different fractions of
each solution to see what differences were evident. These have been
included in figures 7-12.
•

In Solution 0, fraction 2 is weaker than fraction 5 at 6. 2 microns,

probable location of .a carbon double bond oxygen in an acid peak.
There is also some variation in the "finger print" region between 8-9
microns.
Solution 2 contained similar evidence of difference between fractions 2 and 5. In Solution 5, fraction 2, as compared to fraction 5 has
an extra small peak at 9..3 microns which could be a C-0 bond stretch
or an alphatic aldehyde.
Comparing fraction 2 of all three Solutions, they appear very
similar, except Sample 5 has a small peak at 9. 3 microns as mentioned above. Comparing all three of fraction 5, the original Sample 0
has a small peak at 7.2 5 microns, indicating an acid or alkane group
which is missing in the other two samples.
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Figure 7: Original Extract, fraction 2—Solution 0.
Figure 8: Gamma irradiated extract gi4ction2--Solution 2.
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Figure 9: Ultraviolet irradiated extract, fraction 2--Solution 5.
Figure 10: Original Extract, fraction 5--Solution 0.
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Figure 11: Gamma irradiated extract, fraction 5--Solution 2.
Figure 12: Ultraviolet irradiated extract, fraction 5—Solution 5.

DISCUSSION OF RESULTS
After the radiolysis and photolysis of the acetone-hexane extract of the Ponderosa pine sawdust, the resulting mixtures did not
show any marked chemical changed as indicated by I R scans of each
solution. A study of the definite peaks indicate the presence of
alkane groups, acids and aldehydes. A small peak at 4.1 microns
is unaccountable except as it is a characteristic of the chloroform
solvent. The alcohol used as a solvent during the irradiation process, upon evaporation, did not leave a residue and is assumed not
to have any effect on the I R scans of the materials under study.
Also, there was an absence of any peaks in the 3-micron area which
was assumed to indicate an absence of any alcohols in the extract
samples.
, The original extract, the gamma and ultraviolet extracts tested on three types of bacteria all proved to have inhibitory effects on
their growth.
The project of finding what part of these extracts contained the
inhibitor involved doing thin layer chromatography and column
chromatography to separate the various components.
Ten well defined fractions were obtained with the first 4 containing a blue fluorescent material. Skinner. (13) reported the presence of a blue fluorescent material in ethereal extracts of Pinus
sylvestris which inhibited the growth of Staph. aureus and Salmon-
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ella typhimurium. This blue fluorescent material was reported to be
a mixture of trans-3, 5 dihydroxy stilbene and trans 3-hydroxy-5•methoxy stilbene. Both of these compounds contain -OH radicals
which were not discovered in the I R spectra or by chemical tests
of the first fractions. The fractions containing some of the blue
fluorescent material did inhibit bacterial growth to some extent.
Experience with E. coli proved it to be a more difficult bacterium
to inhibit than the other two cultures used.
The best inhibitor came through with the first fractions containing alcohol, fractions 5 and 6. This was true in all three samples,
with the ultraviolet irradiated samples showing a reduction of antibiotic
effects. Since it did not move until alcohol was added to the column
this would lead us to believe that it is more polar than the material
in the yellow solution of the first fractions. These were dark brown
fractions with some slight changes in chemistry from the first four
yellow fractions as indicated by the I R spectrograms.
Even though it would not be in the field of radioly.sis, it should
prove of interest to someone in the future to do some literature research to see if this brown portion of the extract has ever been separated and identified. If so, continue on and establish its antibiotic and
toxic properties. If not, to separate it as has been outlined, do a detailed analysis of the material and then see if the substance would
be of some importance.

SUMMARY

The original acetone-hexane extract of Ponderosa pine sawdust and the gamma irradiated sample of the original appeared to
have approximately the same antibiotic activity. But the ultraviolet irradiated sample of the original extract seemed to have
reduced activity as compared to the original and gamma irradiated
samples. This would indicate that the ultraviolet radiation changed
some of the constituents in the extract. Contrary to expectations it
seems that the ultraviolet radiation has a degradation effect on the
components of the extract even though gamma radiation is considered
to be much more powerful.. Consequently, this fact should be kept
in mind when an attempt is made to isolate the active ingredients
from this sawdust extract.
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ABSTRACT

Portions of an acetone-hexane (1:4) extract of Ponderosa
pine sawdust were exposed to gamma and ultraviolet radiation.
The three solutions, including the original, were checked for antibiotic activity on: Staphylococcus aureus Escherichia coli and
Bacillus cereus. Results indicated that each solution inhibited
the growth of the bacteria.
The three solutions were separated into fractions by 'column'
chromatography on silica gel, using chloroform-carbon tetrachloride
(1:1) as the elutant and then 10-20-50-80% ethanol in the chloroform-carbon tetrachloride mixture and finally 100% ethanol. Ten
fractions were obtained from each sample and these were each tested
on the bacteria. Results indicated a number of fractions having
antibiotic activity. The original and gamma irradiated sample being
about equal in activity, with the ultraviolet irradiated sample showing
less activity than the other two. The paper includes I R spectrograms of the most active fractions. They appear to be made up,
mainly, of aliphatic acids and aldehydes.

